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FIG.9
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PARKING ASSIST SYSTEM AND PARKING
ASSIST METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims the benefit of
priority from earlier Japanese Patent Application No. 2017-
144330 filed Jul. 26, 2017, and the description of which 1s

incorporated herein by reference.

BACKGROUND

Technical Field

The present disclosure relates to vehicle parking assis-
tance.

Related Art

There has been proposed a parking assist method for
sensing the usage status of parking spaces in a parking lot
and guiding, to a vacant space, a vehicle that has entered the
parking lot.

SUMMARY

As an aspect of the present disclosure, a parking assist
system 1s provided which is for use in a parking lot including
parking spaces for a plurality of vehicles. The parking assist
system 1ncludes: a vehicle sensor which determines whether
an assisted vehicle attempting to enter or exit one of the
parking spaces 1s a general vehicle that travels through
vehicle operation by a driver or an autonomous vehicle
capable of self-driving according to an external travel signal;
and a travel signal transmitter which, when the assisted
vehicle 1s determined as the general vehicle, transmits, to a
specific autonomous vehicle among parked autonomous
vehicles, a travel signal for traveling to an available position
for enabling the entry or the exit of the assisted vehicle.

BRIEF DESCRIPTION OF THE

DRAWINGS

In the accompanying drawings:

FIG. 1 1s a schematic diagram schematically showing a
parking assist system as an embodiment of the present
disclosure;

FIG. 2 15 a block diagram showing a schematic configu-
ration of the parking assist system:;

FIG. 3 15 a flowchart showing an entry/exit control on an
autonomous vehicle 1 the parking assist system:;

FIG. 4 1s an explanatory diagram showing an example of
a parking situation for the autonomous vehicle that 1is
brought about by the entry control on the autonomous
vehicle;

FIG. 5 1s a flowchart showing an entry/exit assist control
on a general vehicle in the parking assist system;

FIG. 6 1s a flowchart showing a procedure of entry
assistance in the entry/exit control on the general vehicle;

FIG. 7 1s an explanatory diagram showing an initial
situation for the autonomous vehicle during an exit travel
along with entry assistance for the general vehicle;

FIG. 8 1s an explanatory diagram showing the exit travel
of the autonomous vehicle and an entry situation for the
general vehicle along with the entry assistance for the
general vehicle;
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FIG. 9 1s a flowchart showing a procedure of exit assis-
tance 1n the entry/exit control on the general vehicle;

FIG. 10 1s an explanatory diagram showing the initial
situation for the autonomous vehicle during self-driving
along with exit assistance for the general vehicle;

FIG. 11 1s an explanatory diagram showing self-driving of
the autonomous vehicle and an exit situation for the general
vehicle along with the exit assistance for the general vehicle;
and

FIG. 12 1s an explanatory diagram showing a post-exit-
assistance travel situation for the autonomous vehicle that
has driven itself along with the exit assistance for the general
vehicle.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

s

There has been proposed a parking assist method for
sensing the usage status of parking spaces 1n a parking lot
and guiding, to a vacant space, a vehicle that has entered the
parking lot (for example, refer to JP 2009-037553 A).

Recent years have seen growing prevalence of autono-
mous vehicles which drive themselves independently of
vehicle operation by drivers, and as a result, the autonomous
vehicles and existing general vehicles which travel through
vehicle operatlon by drivers are expected to be parked side
by side i a parking lot. In the parking assist method
proposed in the above patent literature, an autonomous
vehicle and a general vehicle are not, 1n fact, expected to be
parked side by side. Therefore, the inventors found a
demand for a new parking assist method to be used under a
situation 1 which an autonomous vehicle and a general
vehicle are parked side by side.

The present disclosure responds to the demand for a new
parking assist method to be used under a situation i which
an autonomous vehicle and a general vehicle are parked side
by side.

A parking assist system 10 shown in FIG. 1 includes: a
mobile body 100 which senses behavior of a vehicle 1tself,
a human body near the vehicle, and the like 1 a parking lot
P; and a management unit 200 which assists a general
vehicle MM and an autonomous vehicle AM 1n the parking
lot P to enter and exit a parking space Pe. The parking lot P
1s established within a shopping mall SM and includes
parking spaces Pe for a plurality of vehicles. In the present
embodiment, two rows of the parking spaces Pe, namely,
row A and row B, are provided, and a plurality of parking
spaces Pe are aligned 1n each of these rows. In the following
description, the parking spaces Pe are referred to as a
parking space Pe at No. 3 in the row A or a parking space
Pe at No. 9 in the row B, for example, to distinguish the
parking spaces Pe.

In the present embodiment, an unmanned aerial vehicle,
also known as a drone, 1s used as the mobile body 100. The
mobile body 100 1s capable of identifying the current
position using a landmark, etc., installed 1n the parking lot
P. This mobile body 100 includes a sensing device which
senses a human body and the like near a vehicle, for
example, a camera 148, and flies 1n the air and constantly
transmits an i1mage captured by the camera 148 to the
management unit 200. Specifically, the mobile body 100
captures 1mages of not only the parking space Pe to deter-
mine vacancy, but also a vehicle entering through an
entrance Pi1 and a pedestrian (a driver of a general vehicle)
approaching and boarding a vehicle parked (stored) in the
parking space Pe, for example, and transmits the captured
images to the management umt 200. In addition, the mobile
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body 100 receives an entry/exit request from the autono-
mous vehicle AM that 1s controlled to automatically enter or
exit the parking lot P and transmits the received entry/exit
request to the management unit 200 together with, or sepa-
rately from, the captured images. The number of mobile
bodies 100 can be defined according to the size of the
parking lot; a plurality of mobile bodies 100 may be used in
the parking assist system 10 for a parking lot that accom-
modates a larger number of vehicles than 1n the parking lot
P shown in FIG. 1. Note that the functions of the mobile
body 100 related to entry and exit of vehicles will be
described later.

On the basis of the captured image and the entry/exit
request or the like from the autonomous vehicle AM that
have been received from the mobile body 100, the manage-
ment unit 200 determines whether the assisted vehicle 1s a
general vehicle MM or an autonomous vehicle AM, speci-
fies the parking space Pe for the autonomous vehicle AM
and the general vehicle MM to park, creates an entry route
for the autonomous vehicle AM to reach the specified
parking space Pe, creates an exit route for the autonomous
vehicle AM parked in the parking space Pe, and transmits a
travel signal for the created entry/exit route, for example.
Thus, the management unit 200 constitutes a travel signal
transmitter according to the present disclosure and more-
over, 1 cooperation with the mobile body 100, constitutes a
vehicle sensor according to the present disclosure. Note that
sensing, etc., of the assisted vehicle will be described later.

The autonomous vehicle AM 1s capable of traveling on
the basis of vehicle operation by a driver and capable of
driving 1tself according to an external travel signal. In order
to drive itsell, the autonomous vehicle AM includes: the
function of transmitting an entry request and an exit request;
and the function of obtaining travel signals for the entry
route, the exit route, etc., created by the management unit
200 and traveling according to the obtained route. The
autonomous vehicle AM drives 1tself in the parking lot
according to the entry route and the exit route obtained from
the management unit 200. In the present embodiment,
self-driving includes traveling 1n both of the cases where a
driver 1s 1n the autonomous vehicle AM (also referred to as
manned self-dnving) and where no driver 1s 1n the autono-
mous vehicle AM (also referred to as unmanned seli-
driving). Upon self-driving 1n the parking lot, the autono-
mous vehicle AM enters an internal road S2 from an external
road S1, discharges an autonomous vehicle driver AMh and
other passengers in an occupant boarding/alighting area
AMwp on the internal road S2, and then enters the parking
space Pe 1n the parking lot P by self-dniving as described
later. Furthermore, after exiting the parking space Pe
through an exit Po by self-driving, the autonomous vehicle
AM arrives at the occupant boarding/alighting area AMwp,
and after the autonomous vehicle driver AMh sits in the
driver seat, the autonomous vehicle AM travels out of the
tacility through vehicle operation by the autonomous vehicle
driver AMh. Upon such self-driving, the autonomous
vehicle AM outputs the entry request, the exit request, and
the like.

The general vehicle MM travels through vehicle operation
by a driver and enters the parking lot P through the entrance
P1 and 1s parked 1n the parking space Pe in which no other
vehicles are parked (vacant parking space Pe) through
vehicle operation by a general vehicle driver MMh. Upon
exiting, the general vehicle MM travels out of the facility
through the exit Po by the general vehicle driver MMh
sitting 1n the driver seat and then performing vehicle opera-
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tion. Note that vehicle drivers are distinguished by being
referred to as the autonomous vehicle driver AMh and the
general vehicle driver MMh.

As shown m FIG. 2, the mobile body 100 includes: a
controller 142 which controls movement of the mobile body
100; a camera 148; a GPS receiver 149; a vehicle informa-
tion obtainment unit 102 which obtains information about
entering and exiting vehicles; a vacant space specilying unit
104 which specifies a vacant parking space Pe 1n which no
other vehicles are parked; an entry request receiver 106
which receives the entry request from the autonomous
vehicle AM; and a first wireless communication I/F unit 146.
The mobile body 100 includes a computer with a CPU, a
ROM, and a RAM, which are not shown in the drawings.
This CPU develops, 1n the RAM, a control program stored
in advance 1n the ROM and executes the control program;
thus, the functions of the respective units indicated above are
implemented.

The vehicle mformation obtainment unit 102 obtains
various kinds of information of the assisted vehicle that 1s
using the parking space, 1.e., entering or exiting the parking
space Pe. For example, 1n the case of entry into the parking
space Pe, on the basis of an image of the vehicle (assisted
vehicle) captured by the camera 148 when the vehicle moves
from the internal road S2 to the entrance P1 in FIG. 1 while
the mobile body 100 1s flying, vehicle information necessary
for determining whether said vehicle 1s a general vehicle
MM or an autonomous vehicle AM i1s obtained. Specifically,
when a dniver 1s already seated in the driver seat of the
vehicle 1n the captured 1mage and the vehicle 1s traveling
through vehicle operation (steering operation) by the driver,
such a captured image 1s informative in determining the
assisted vehicle as a general vehicle MM that 1s entering the
parking space Pe.

In the case of exit from the parking space Pe, on the basis
of an 1mage of a pedestrian captured by the camera 148
when the pedestrian approaches a vehicle parked in the
parking space Pe 1n the row A or B while the mobile body
100 1s flying, vehicle information necessary for determining
whether the vehicle which said pedestrian 1s getting in 1s a
general vehicle MM or an autonomous vehicle AM 1s
obtained. Specifically, when the image captured by the
camera 148 includes a pedestrian approaching a vehicle
parked 1n the parking space Pe, the vehicle information
obtainment umt 102 causes the mobile body 100 to fly
following the pedestrian, and the camera 148 captures
images of an event in which the pedestrian sits in the driver
seat of the vehicle parked 1n the parking space Pe, an event
in which the pedestrian 1n the vehicle performs steering
operations (gripping the steering wheel), and an event 1n
which said vehicle moves forward even shightly, for
example. The captured images of such events are informa-
tive 1n determining the assisted vehicle as a general vehicle
MM that 1s exiting the parking space Pe. Thus, the vehicle
information obtainment unit 102 analyzes the image cap-
tured by the camera 148 and obtains vehicle information
necessary for determining whether the assisted vehicle 1s a
general vehicle MM. The obtained vehicle information 1s
transmitted to the management unit 200 via the first wireless
communication I/'F 146 of the mobile body 100.

The vacant space specitying unit 104 specifies a vacant
parking space Pe 1n which no other vehicles are parked using
positioning data obtained by the GPS receiver 149 and the
image of the parking space Pe 1n each of the rows A and B
captured by the camera 148 while the mobile body 100 1s
flying. Specifically, when no other vehicles are parked, the
captured 1mage 1includes no external image of a vehicle, and
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thus the parking space Pe 1n which no external image of a
vehicle 1s included 1s considered as a vacant parking space
Pe, and the position of this vacant parking space Pe 1is
detected using the positioning data.

The vacant space specitying unit 104 may detect the
position of the vacant parking space Pe using, for example,
a sensor such as a millimeter wave radar instead of the
camera 148 or in addition to the camera 148. Position
information on the detected vacant parking space Pe 1is
transmitted to the management unit 200 via the first wireless
communication I/'F 146 of the mobile body 100.

The entry request receiver 106 waits to receive the entry
request output by the autonomous vehicle AM, and when
receiving the entry request, outputs the entry request to the
management unit 200 via the first wireless communication
I/F unit 146.

The first wireless communication I'F umit 146 demodu-
lates radio waves received via an antenna and thus generates
data, and generates and modulates radio waves to be trans-
mitted via the antenna. As the wireless communication, for
example, wireless communication according to not only
standardized communication methods such as various wire-
less local area networks (LANSs) defined 1n the Institute of
Electrical and Electronics Engineers (IEEE) 802.11, Z-Wave
(registered trademark), Zigbee (registered trademark), and
Bluetooth (registered trademark), but also wireless commu-
nication according to arbitrary communication methods that
have not been standardized can be used.

The management unit 200 1s positioned so as to be able to
communicate and exchange data with the occupant board-
ing/alighting area AMwp and the interior of the parking lot
P, and includes an entry information creation unit 201, an
entry information storage 202, a route creation unit 204, a
second wireless communication I/F unit 208, and an exit
request recerver 206. The management unit 200 includes a
computer with a CPU, a ROM, and a RAM, which are not
shown 1n the drawings. This CPU transfers, into the RAM,
a control program stored in advance i the ROM and
executes the control program; thus, the functions of the
respective units indicated above are implemented.

The entry mformation creation unit 201 creates entry
information indicating an entry situation in the parking
space Pe using the information about the vacant parking
space Pe that has been received from the mobile body 100,
and stores the created entry information into the entry
information storage 202. Furthermore, the entry information
creation umt 201 updates, on an as-needed basis, the entry
information stored in the entry information storage 202.

The route creation unit 204 creates entry and exit routes
for the autonomous vehicle AM. Specifically, the route
creation unit 204 creates: entry route information for the
autonomous vehicle AM from which the autonomous
vehicle driver AMh has alighted 1n the occupant boarding/
alighting area AMwp 1 FIG. 1 to drive itself from the
occupant boarding/alighting area AMwp to the parking
space Pe 1n which said vehicle is to be parked; and exit route
information for the autonomous vehicle AM parked (stored)
in the parking space Pe to drive itself from said parking
space Pe to the occupant boarding/alighting area AMwp, and
transmits the entry route information and the exit route
information to the autonomous vehicle AM. When receiving
the entry request from the mobile body 100, the route
creation unit 204 creates the entry route information, and
when receiving the exit request from the autonomous
vehicle AM, the route creation unit 204 creates the exit route
information. In the present embodiment, upon entry of the
autonomous vehicle AM ito the parking space Pe by
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seli-driving, reverse parking 1s done as shown 1n FIG. 1, but
forward parking may instead be done. Note that the man-
agement unit 200 may directly receive the entry request
from the autonomous vehicle AM, and using this request
reception as a trigger, the route creation unit 204 may create
the entry route for the autonomous vehicle AM.

The exit request receiver 206 waits to recerve the exit
request output by the autonomous vehicle AM. When the
exit request receiver 206 receives the exit request, the route
creation unit 204 creates an exit route for the autonomous
vehicle AM corresponding to the exit request to drive itself
to the occupant boarding/alighting area AMwp from the
parking space Pe in which the autonomous vehicle AM has
been parked.

The second wireless communication I/F unit 208 has
substantially the same configuration as the first wireless
communication I'F umit 146. The management unit 200
communicates with the mobile body 100 and the autono-
mous vehicle AM via the second wireless communication
I/F unit 208.

The autonomous vehicle AM includes a self-driving con-
troller 302 and a third wireless communication I/F unit 304.
The autonomous vehicle AM 1ncludes an electronic control
unmt (ECU) with a CPU, a ROM, and a RAM, which are not
shown 1n the drawings. This CPU develops, 1n the RAM, a
control program stored 1n advance in the ROM and executes
the control program; thus, the functions of the respective
units indicated above are implemented.

The seli-dniving controller 302 transmits the entry
request, the exit request, etc., via the third wireless commu-
nication I’F unit 304. For example, when the autonomous
vehicle dnver AMh or a passenger of the autonomous
vehicle AM provides an automatic entry instruction through
an automatic entry mstruction button provided in the interior
of the autonomous vehicle AM, the seli-driving controller
302 outputs the entry request. Furthermore, for example,
when the exit instruction transmitted from a mobile cell-
phone unit by a user of the autonomous vehicle AM 1s
receirved via the third wireless communication I/F unit 304,
the seli-driving controller 302 outputs the exit request. The
entry request and the exit request output in this manner
include 1dentification data for identifying a vehicle, and thus
the mobile body 100 and the management unit 200 which
receive the entry request and the exit request are capable of
identifying and specifying the autonomous vehicle AM that
has output the requests. Furthermore, using the entry route
information and the exit route information received from the
management unit 200 via the third wireless communication
interface unit 304, the self-driving controller 302 controls
seli-driving of the own vehicle and performs automatic entry
into and exit from a parking space.

As with the first wireless communication I/F unit 146, the
third wireless communication I'F unit 304 demodulates
radio waves received via an antenna and thus generates data,
and generates and modulates radio waves to be transmitted
via the antenna. The third wireless communication I/F unit
304 1s configured to be able to perform not only the
aforementioned communication methods, but also commu-
nication via a wide-area network. Examples of the wide-area
network include communication networks owned by various
telecommunication carriers, such as a cell-phone network,
local area networks (LANs) connected to these communi-
cation networks, and the Internet.

Entry/exit assistance for the autonomous vehicle AM
using the parking assist system 10 according to the present
embodiment will be described. This entry/exit assistance 1s
implemented by the management unit 200 following the
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procedure shown 1n FIG. 3; first, management unit 200 waits
to receive the enfry/exit request from the autonomous
vehicle AM (Step S102). Duning this wait for input and
during a process thereafter, the mobile body 100 tlies above
the parking lot P while capturing images of the parking lot
P by the camera 148, and transmits, to the management unit
200, the vehicle information obtained by the vehicle infor-
mation obtainment unit 102 and the entry request recerved
by the entry request receiver 106. Note that the images
captured by the camera 148 may be transmitted to the
management unit 200, and the management unit 200 may
obtain the vehicle information as with the vehicle informa-
tion obtainment unit 102 of the mobile body 100.

When there 1s the entry/exit request from the autonomous
vehicle AM 1n Step S102, the management unit 200 specifies
an autonomous vehicle AM on the basis of the 1dentification
data included i the entry/exit request (Step S104), and
determines whether the input request 1s the entry request
(Step S106). Here, when the mput request 1s the entry
request, the management unit 200 implements entry assis-
tance for the autonomous vehicle AM (Step S107). In this
entry assistance, the current parking situation 1s determined
on the basis of the entry information of the parking space Pe
stored 1n the entry information storage 202, and moreover
the route creation unit 204 creates the entry route for the
autonomous vehicle AM that has output the mput request,
and the created entry route 1s transmitted as a travel signal
to the autonomous vehicle AM that has output the entry
request. For example, 1n the parking situation shown 1n FIG.
1, the parking spaces Pe at Nos. 4 and 8 1n the row A and
Nos. 3, 4, and 8 1n the row B are determined as vacant
parking spaces Pe on the basis of the entry information of the
parking spaces Pe stored in the entry information storage
202. Subsequently, the parking space Pe at No. 8 1n the row
A which 1s closest to the entrance P1 among these vacant
parking spaces Pe 1s defined as a target parking space Pe, and
the entry route for the autonomous vehicle AM to drive itself
from the occupant boarding/alighting area AMwp to the
parking space Pe at No. 8 1 the row A 1s created and
transmitted. The autonomous vehicle AM that has recerved
this entry route drives 1tself to the parking space Pe at No.
8 1n the row A along the recerved entry route and enters this
parking space Pe by the seli-driving controller 302.

Subsequent to the above-described entry assistance for the
autonomous vehicle AM (Step S107), the management unit
200 updates the entry information stored in the entry infor-
mation storage 202 and stores entry information indicating,
that the parking space Pe at No. 8 in the row A 1s occupied
(Step S108), and ends the control for the moment. Note that
the entry mnformation stored upon update mncludes the i1den-
tification information of the autonomous vehicle AM parked
in the parking space Pe at No. 8 in the row A.

Upon determination of the parking situation in the above-
described entry assistance for the autonomous vehicle AM
(Step S107), the parking space Pe for the autonomous
vehicle AM that has output the entry request can be selected
in order from closest to the entrance Pi1, or alternatively the
target parking space Pe may be selected from among the
vacant parking spaces Pe 1n order from farthest from the
entrance P1, or alternatively the target parking space Pe may
be selected at random. The target parking space Pe may be
selected from among the vacant parking spaces Pe adjacent
to the parking space Pe in which the autonomous vehicle
AM 1s already stored. This enables the autonomous vehicles
AM to be parked side by side. Aside from this, 1n the case
where the parking lot P 1s larger than that shown 1 FIG. 1
and accommodate a few dozens to at least a hundred
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vehicles, whether there 1s a vacant parking space Pe 1in a
predetermined range of distances such as S0 m and 100 m
centered on the autonomous vehicle AM that has arrived at
the entrance P1 1s determined first. Next, when there 1s a
vacant parking space Pe in the predetermined range, the
entry route to this parking space Pe 1s created and transmiut-
ted, and when there 1s no vacant parking space Pe 1n the
predetermined range, whether there 1s a vacant parking
space Pe 1s determined in a wider range.

When the above-described entry assistance for the
autonomous vehicle AM (Step S107) 1s repeated, all the
parking spaces Pe will eventually be occupied, but more
autonomous vehicles AM can be parked (stored) according
to a parking situation determination to the efiect that the
autonomous vehicles AM can be parked (stored) 1n an area
other than the parking spaces Pe. This situation 1s shown 1n
FIG. 4; even when vehicles are stored in all the parking
spaces Pe 1n the rows A and B, the autonomous vehicle AM
can be parked 1n a travel space 1n front of the parking spaces
Pe. In order to provide parking assistance (entry assistance)
for the autonomous vehicle AM as shown 1n FIG. 4, when
all the parking spaces Pe are occupied, the travel space 1n
front of Nos. 4 and 5 1n the row A, the travel space in front
of Nos. 4 and 5 1n the row B, the travel space 1n front of Nos.
7 and 8 1n the row B, and the travel space 1n front of Nos.
9 and 10 1n the row B are determined, as shown in FIG. 4,
as the parking position of the autonomous vehicle AM that
has transmitted a new entry request. Furthermore, the entry
route for the autonomous vehicle AM from the occupant
boarding/alighting area AMwp to the determined parking
position 1s created, and the created entry route 1s transmitted
to the autonomous vehicle AM. Accordingly, the autono-
mous vehicle AM drives 1tself to the travel space 1n front of
the parking space Pe. Upon self-driving and parking for the
travel space 1n front of the parking space Pe, first, the travel
space 1n Iront of the parking spaces Pe in which the
autonomous vehicles AM are stored side by side 1s set to a
preferential parking position, keeping the autonomous
vehicle AM from not being parked, whenever possible, in
the travel space 1n front of the parking space Pe in which the
general vehicle MM i1s stored. The travel space parking
position 1n which the autonomous vehicle AM 1s parked in
this manner becomes a use obstructing position in which the
exit from the parking spaces Pe at Nos. 4 and 5 in the row
A, etc., 1s obstructed. Solving this obstruction to the exit wall
be described later.

On the other hand, when the mput request 1s determined
as the exit request 1n Step S106 1n the entry/exit control 1n
FIG. 3, the management unit 200 implements exit assistance
for the autonomous vehicle AM (Step S109). In this exat
assistance, the parking space Pe in which the autonomous
vehicle AM that has transmaitted the exit request 1s stored 1s
found first on the basis of the entry information on the
parking space Pe stored in the entry information storage 202,
specifically, an 1identification mark of the autonomous
vehicle AM that has transmitted the exit request and 1nfor-
mation about the parking space Pe associated with the
autonomous vehicle AM having said identification mark.
Next, the route creation unit 204 creates the exit route for the
autonomous vehicle AM that has transmitted the exat
request, and the created exit route 1s transmitted as a travel
signal to the autonomous vehicle AM that has output the
output request. Diflerent scenes of this case will be
described.

In the normal exit assistance, only the autonomous
vehicle AM that has transmitted the exit request 1s caused to
drive 1tself. Specifically, when the autonomous vehicle AM
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that has transmitted the exit request 1s a vehicle stored
(parked) 1n the parking space Pe at No. 6 1n the row B shown
in FI1G. 4, no vehicle 1s parked in front of said parking space
Pe. Thus, it 1s suflicient that only the autonomous vehicle
AM that has transmitted the exit request be caused to drive
itsell; as a result, a travel signal for the exit route for the
autonomous vehicle AM to drive itsell from the parking
space Pe at No. 6 1n the row B to the occupant boarding/
alighting area AMwp 1s created and transmitted. The autono-
mous vehicle AM that has received this exit route exits the
parking space Pe at No. 6 1n the row B and then drives 1tself
to the occupant boarding/alighting area AMwp along the
received exit route according to the self-driving controller
302.

Another form of the normal exit assistance 1s for when the
autonomous vehicle AM that has transmitted the exit request
1s a vehicle parked in the travel space 1n front of the parking
spaces Pe at Nos. 4 and 5 1n the row A shown 1n FIG. 4. Even
in the case of such an autonomous vehicle AM parked 1n the
travel space, since 1t 1s suflicient that only said autonomous
vehicle AM be caused to drive itself, the exit route for the
autonomous vehicle AM to drive itsell from the parking
position to the occupant boarding/alighting area AMwp 1s
created and transmitted. The autonomous vehicle AM that
has received this exit route drives itsell from the parking
position 1n the travel space to the occupant boarding/alight-
ing area AMwp along the received exit route according to
the self-dnving controller 302. The same applies to the
autonomous vehicle AM parked 1n the parking space 1n front
of the parking spaces Pe 1n the row B.

On the other hand, when the autonomous vehicle AM that
has transmitted the exit request 1s a vehicle stored (parked)
in the parking space Pe at No. 1 1n the row B or No. 5 1n the
row A shown i FIG. 4, since the autonomous vehicle AM
1s parked 1n the travel space 1n front of said parking space Pe,
the autonomous vehicle AM stored (parked) 1n the parking
space Pe and the autonomous vehicle AM parked in the
travel space are sequentially caused to drive themselves as
tollows. The autonomous vehicle AM parked in the travel
space 1s at the use obstructing position 1n which the exit of
the autonomous vehicle AM from the parking space Pe at
No. 5 in the row A 1s obstructed, and thus a travel route for
the autonomous vehicle AM to dnive itself (drnive itself
backward) to an available position for enabling the exit of
the autonomous vehicle AM stored (parked) 1n the parking
space Pe at No. 5 1n the row A, for example, the travel space
located 1n front of the parking space Pe at No. 8 1n the row
A, 1s created and transmitted first. The autonomous vehicle
AM that has received the travel route drives itself backward
to the travel space in front of the parking space Pe at No. 8
in the row A and 1s parked 1n that position. As a result, the
exit of the autonomous vehicle AM from the parking space
Pe at No. 5 1n the row A 1s no longer obstructed, and thus the
exit route for the autonomous vehicle AM to drive itself
from the parking space Pe at No. 5 in the row A to the
occupant boarding/alighting area AMwp 1s created and
transmitted. The autonomous vehicle AM that has receirved
this exit route exits the parking space Pe at No. 5 1n the row
A and then drives 1itself to the occupant boarding/alighting
area AMwp along the received exit route according to the
seli-driving controller 302. The same applies to the case
where the autonomous vehicle AM stored 1n the parking
space Pe at No. 1, 2, 8, or 10 1n the row B transmits the exit
request.

Subsequent to the above-described exit assistance for the
autonomous vehicle AM (Step S109), the management unit
200 updates the entry information stored in the entry infor-

10

15

20

25

30

35

40

45

50

55

60

65

10

mation storage 202 and stores entry information indicating
that the parking space Pe at No. 6 1n the row B 1s a vacant
parking space Pe (Step S108), and ends the control for the
moment. In the case of the above-described exit assistance
for the autonomous vehicle AM stored (parked) in the
parking space Pe at No. 5 in the row A, the management unit
200 updates the entry information stored in the entry infor-
mation storage 202 and stores entry information indicating
that the parking space Pe at No. 5 1n the row A 1s a vacant
parking space Pe.

Next, entry/exit assistance for the general vehicle MM
using the parking assist system 10 according to the present
embodiment will be described. This entry/exit assistance 1s
implemented by the management umt 200 following the
procedure shown 1n FIG. 5; first, various types of informa-
tion necessary for determining whether the assisted vehicle
attempting to enter or exit the parking space Pe 1s an
autonomous vehicle AM or a general vehicle MM 1s
obtained (Step S200). Specifically, as mentioned earlier, the
vehicle information obtainment unit 102 of the mobile body
100 obtains various types of information about the assisted
vehicle from the image of a vehicle (assisted vehicle)
captured by the camera 148 when the vehicle (assisted
vehicle) moves from the internal road S2 to the entrance P1
in FIG. 1, and thus the management unmit 200 receives such
information transmitted from the vehicle information
obtainment unit 102. Note that the management unit 200
may receive, mstead of the image captured by the mobile
body 100 or in addition to the image captured by the mobile
body 100, images captured by surveillance cameras installed
in various portions of the parking lot P, and create various
types of information about the assisted vehicle by analyzing
the captured 1mages.

Next, whether the assisted vehicle 1s an autonomous
vehicle AM or a general vehicle MM 1s determined on the
basis of the information obtained 1n Step S200, specifically,
the 1mage (observation result) captured by the camera 148
on the mobile body 100 (Step S202). Here, when the assisted
vehicle 1s determined as an autonomous vehicle AM, the
entry/exit assist control on the general vehicle MM 1s ended
because the assistance control on the autonomous vehicle
AM shown 1n FIG. 3 1s performed. Note that the information
obtainment i1n Step S200 and the vehicle determination 1n
Step S202 1n the entry/exit assist control on the general
vehicle i FIG. § fulfill the functions of the vehicle sensor.

When the assisted vehicle i1s determined as a general
vehicle MM 1n Step S202, the management unit 200
observes various behaviors of the general vehicle MM
(assisted general vehicle STM) which 1s a mobile vehicle
(Step S204). Specifically, vehicle travel behavior caused by
vehicle operation (steering operation) by the driver as men-
tioned above, travel behavior of an entering vehicle that has
entered through the entrance Pi1, driver-seat boarding behav-
1or of a pedestrian approaching the vehicle parked in the
parking space Pe, steering (steering wheel gripping) behav-
1or of the pedestrian after boarding, and subsequent small
pull-away behavior, and the like are observed in the 1mage
captured by the camera 148 of the mobile body 100. Upon
such behavior observation, instead of the image captured by
the mobile body 100 or 1n addition to the image captured by
the mobile body 100, the images captured by the surveil-
lance cameras installed in various portions of the parking lot
P may be received, and the behavior may be observed by
analyzing the captured images.

Next, whether the observed behavior 1s related to the entry
into the parking space Pe 1s determined (Step S206), and
when the observed behavior which 1s the observation result
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1s entry behavior, the entry assistance for the general vehicle
1s 1implemented (Step S210), and when the observed behav-
10r 1s exi1t behavior, the exit assistance for the general vehicle
1s 1mplemented (Step S250). Note that the behavior obser-
vation in Step S204 and the entry determination 1n Step S206
in the entry/exit assist control on the general vehicle 1n FIG.
5 fulfill the functions of the vehicle sensor.

The entry assistance 1 Step S210 1s implemented by the
management unit 200 following the sequence shown in FIG.
6; first, the current parking situation 1s determined on the
basis of the entry information of the parking space Pe stored
in the entry information storage 202 (Step S212). Next,
whether there 1s a vacant parking space Pe at present 1s
determined (Step S214), and when there 1s a vacant parking
space Pe, the general vehicle dnver MMh of the general
vehicle MM 1s informed of an available parking space Pe by
an alarm device such as a loudspeaker and a text display
device, which are not shown 1n the drawings, installed near
the entrance P11n FIG. 1, 1n order to provide assistance to the
general vehicle MM to enter said vacant parking space Pe
(Step S216). For example, in the vehicle parking situation 1n
FIG. 1, the general vehicle driver MMh 1s informed that the
parking spaces Pe at Nos. 4 and 8 1n the row A and Nos. 3,
4, and 8 1n the row B are available. Note that when the
general vehicle MM 1s equipped with a car navigation
system capable of receiving external audio signals, an audio
signal about the available parking space Pe may be trans-
mitted to said car navigation system to indicate the available
parking space Pe.

Thereafter, by analyzing the image captured by the mobile
body 100, the management unit 200 checks which parking
space Pe the general vehicle MM (assisted vehicle) has
entered (Step S218). Subsequently, when the checking result
shows that the general vehicle MM has entered the parking
space Pe at No. 8 1in the row B, for example, the management
unit 200 updates the entry information stored in the entry
information storage 202 and stores entry imnformation indi-
cating that the general vehicle MM 1s stored 1n the parking
space Pe at No. 8 1n the row B (Step S220), and ends the
control for the moment.

On the other hand, 1n the case where the absence of vacant
parking spaces Pe 1s determined i Step S214 mentioned
above, all the parking spaces Pe are occupied, as shown 1n
FIG. 4. Even 1n this case, 1n order to provide the entry
assistance for the general vehicle MM, subsequent to nega-
tive determination (fully occupied determination) mm Step
S214, the management umt 200 determines, on the basis of
the entry information stored in the entry information storage
202, whether the autonomous vehicle dnver AMh 1s parked
in the parking space Pe (Step 5222). To take the fully
occupied status shown in FIG. 4 as an example; in Step
S222, 1t 1s assumed that the autonomous vehicles AM are
parked 1n the parking spaces Pe (occupied spaces) at Nos. 1,
3,5, 7, and 8 1n the row A and Nos. 1, 2, 4, 6, 8, and 10 1n
the row B. The autonomous vehicle AM parked i the
occupied space 1s at the use obstructing position 1n which the
entry of the general vehicle MM (assisted general vehicle
STM) which 1s a target of the entry assistance 1s obstructed.

Therefore, 1n order to provide entry assistance for the
assisted general vehicle STM, the management umt 200
transmits the travel signal to the autonomous vehicle AM
(auxiliary assist vehicle SHM) parked 1n the parking space
Pe at No. 8 in the row A which 1s closest to the assisted
general vehicle STM (general vehicle MM) that has arrived
at the entrance Pi1 to enter the parking lot P, for example,
among the autonomous vehicles AM parked 1n the afore-
mentioned occupied spaces. Specifically, the route creation
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umt 204 creates a travel signal about the travel route from
the parking space Pe at No. 8 1n the row A to an available
position in which the entry of the assisted general vehicle
STM mto the parking space Pe at No. 8 in the row A 1s not
obstructed, and transmits the created travel route to the
autonomous vehicle AM parked 1n the parking space Pe at
No. 8 as the travel signal (Step S224).

The auxiliary assist vehicle SHM which 1s the autono-
mous vehicle AM parked in the parking space Pe at No. 8 in
the row A recerves the travel signal and then, as shown in
FIG. 7, exits the parking space Pe at No. 8 1n the row A,
moves to an available position, for example, the travel space
in front of the parking spaces Pe at Nos. 6 and 7 1n the row
A, the travel space 1n front of the parking spaces Pe at Nos.
1 and 2 1n the row A, or the travel space in front of the
parking spaces Pe at Nos. 1 and 2 1n the row B, and then 1s
stopped. Accordingly, as shown 1n FIG. 8, the parking space
Pe at No. 8 1n the row A becomes vacant, the processing
transitions to Step S216 described earlier, the general
vehicle driver MMh of the assisted general vehicle STM 1s
informed of the available parking space Pe, and subse-
quently the entry of the general vehicle MM 1s checked (Step
S218), the entry information 1s updated and stored (Step
5220), and the control 1s ended for the moment. Note that the
entry information in this case 1s updated to include infor-
mation to the eflect that the general vehicle MM 1s stored 1n
the parking space Pe at No. 8 in the row A, and then 1s stored.

In FIG. 7, when the general vehicle MM 1s parked in the
parking space Pe at No. 8 1n the row A, the autonomous
vehicle AM parked 1n the parking space Pe at No. 7 1n the
row A, No. 3 1n the row A, No. 2 1n the row B, or the like
1s set as the auxiliary assist vehicle SHM, and the travel
signal for traveling to the available position 1s transmitted to
said auxiliary assist vehicle SHM 1n Step S224.

In the case where the parking lot P 1s larger than that
shown 1n FIG. 1 and accommodate a few dozens to at least
a hundred vehicles, the travel signal may be transmitted 1n
Step S224 as follows. First, one of the autonomous vehicles
AM parked 1n the parking spaces Pe within a predetermined
range ol distances such as 50 m and 100 m centered on the
assisted general vehicle STM that has arrived at the entrance
P1 1s set as the auxiliary assist vehicle SHM. Furthermore, a
travel route from the parking space Pe in which the auxiliary
assist vehicle SHM 1s parked to an available position 1n
which the entry into said parking space 1s not obstructed 1s
created, and the created travel route 1s transmitted to said
auxiliary assist vehicle as a travel signal.

On the other hand, i1n the case where the parking lot 1s
determined as being fully occupied 1n Step S214 described
carlier and the parking spaces Pe are determined as includ-
ing no autonomous vehicles AM 1n Step S222 described
carlier, no autonomous vehicles AM are parked in the
parking spaces Pe. In this case, the entry assistance for the
general vehicle MM by means of the autonomous vehicle
AM parked 1n the parking space Pe 1s not possible, and thus
the management unit 200 informs the general vehicle driver
MMh of the general vehicle MM that the entry 1s not
possible at present (Step S226), and ends the control for the
moment.

The exit assistance for the general vehicle MM 1n Step
S250 1n FIG. 5 1s implemented by the management unit 200
following the procedure shown in FIG. 9; first, a general
vehicle MM wishing to exit and the parking space Pe in
which said vehicle 1s parked are specified from the behavior
observed i Step S204 1n FIG. 5, specifically, the driver-seat
boarding behavior of a pedestrian approaching the vehicle
parked 1n the parking space Pe, the steering (steering wheel
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gripping) behavior of the pedestrian after boarding, and
subsequent small pull-away behavior, and the like. Next,
whether an autonomous vehicle AM 1s parked at the use
obstructing position 1 which the exit of the specified
general vehicle MM 1s obstructed 1s determined (Step S254).
This determination about the use obstruction 1n Step S254
and the subsequent treatment will be described with refer-
ence to FIG. 10.

When the general vehicle MM wishing to exit 1s specified
in Step S2352 as a general vehicle MM parked 1n the parking
space Pe at No. 5 1 the row B from, for example, the
behavior of the general vehicle dniver MMh getting 1n the
driver seat of the parked general vehicle MM, there 1s no
autonomous vehicle AM that obstructs the exit of this
general vehicle MM. Thus, 1n this case, the general vehicle
MM parked 1n the parking space Pe at No. 5 in the row B
1s not an assisted general vehicle STM and therefore, 1t 1s
determined in Step S2354 that there 1s no autonomous vehicle
AM that obstructs the exit, leading to the end of the control
with no process performed. Note that by way of image
capture by the camera 148 of the mobile body 100 and
analysis of the captured image, the vacant space speciiying
unit 104 updates the status of the parking space Pe at No. 3
in the row B that has changed to the vacant status as a result
of the exit of the general vehicle MM.

In the case where the general vehicle MM wishing to exit
1s specified 1n Step S252 as a general vehicle MM parked 1n
the parking space Pe at No. 7 in the row B from, for example
the behavior of the general vehicle dnver MMh getting in
the driver seat of the parked general vehicle MM, an
autonomous vehicle AM 1s parked 1n the travel space 1n front
of the parking spaces Pe at Nos. 7 and 8 in the row B,
meaning that this autonomous vehicle AM is parked at the
use obstructing position in which the exit of this general
vehicle MM from the parking space Pe at No. 7 in the row
B 1s obstructed. Thus, 1n this case, since the autonomous
vehicle AM obstructs the exit of the general vehicle MM
parked 1n the parking space Pe at No. 7 in the row B, the
general vehicle MM parked 1n the parking space Pe at No.
7 1 the row B 1s the assisted general vehicle STM; 1n Step
S254, the presence of the autonomous vehicle AM that
obstructs the exit 1s determined, and the processing transi-
tions to Step S2356 1n order to provide exit assistance.

In Step S256, 1n order to provide the exit assistance for the
assisted general vehicle STM, the management unit 200 sets,
as the auxiliary assist vehicle SHM, the autonomous vehicle
AM parked 1n the travel space in front of the parking spaces
Pe at Nos. 7 and 8 in the row B, and transmits the travel
signal to the auxiliary assist vehicle SHM. Specifically, the
route creation unit 204 creates a travel route to an available
position 1 which the exit of the assisted general vehicle
STM parked in the parking space Pe at No. 7 1n the row B
1S not obstructed, and transmits the created travel route as the
travel signal to the auxiliary assist vehicle SHM parked in
the travel space 1n front of the parking spaces Pe at Nos. 7
and 8 1n the row B. As shown 1n FIG. 10, the auxiliary assist
vehicle SHM that has received the travel signal drives itself
from the travel space in front of the parking spaces Pe at
Nos. 7 and 8 i the row B to an available position, for
example, the travel space 1n front of the parking spaces Pe
at Nos. 4 and 5 1n the row A, and then 1s stopped. This allows
the assisted general vehicle STM parked in the parking
space Pe at No. 7 1n the row B to exit said parking space Pe
without trouble, as shown 1n FIG. 11.

In Step S238 subsequent to Step S2356, the exit of the
assisted general vehicle STM 1s checked by analyzing the
image transmitted from the mobile body 100. Next, the
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management unit 200 transmits the travel signal to the
auxiliary assist vehicle SHM caused to drive itself to the
travel space 1n front of the parking spaces Pe at Nos. 4 and
5 1n the row A 1 order to provide the exit assistance for the
assisted general vehicle STM (Step S260). Specifically, the
route creation unit 204 creates the travel route from the
travel space 1n front of the parking spaces Pe at Nos. 4 and
5 1n the row A to the parking pace Pe at No. 7 1n the row B,
and the created travel signal 1s transmaitted to the auxiliary
assist vehicle SHM as the travel signal. The auxiliary assist
vehicle SHM recerves this travel signal, and as shown in
FIG. 12, drives itself from the travel space in front of the
parking spaces Pe at Nos. 4 and 5 i the row A, and enters
the parking space Pe at No. 7 in the row B which the assisted
general vehicle STM has exited. The management unit 200
checks the entry of the auxiliary assist vehicle SHM, 1.e., the
autonomous vehicle AM, by analyzing the image captured
by the mobile body 100 (Step S262). Subsequently, the
management unit 200 updates the entry mformation stored
in the entry information storage 202 and stores entry infor-
mation mdicating that the autonomous vehicle AM 1s stored
the parking space Pe at No. 7 in the row B (Step S264), and
ends the control for the moment.

As described above, the parking assist system 10 accord-
ing to the present embodiment sets, as an auxiliary assist
vehicle SHM, the autonomous vehicle AM that obstructs the
assisted general vehicle STM, which 1s a general vehicle
MM, from entering or exiting the parking space Pe, and
causes the auxiliary assist vehicle SHM to drive 1tself to the
available position 1n which entry or exit of the assisted
general vehicle STM 1nto or from the parking space Pe 1s not
obstructed (Steps S222 to S224, Steps S254 to S256). Thus,
with the parking assist system 10 according to the present
embodiment, the assisted general vehicle STM can be
assisted 1n a preferred manner to enter or exit the parking
space Pe.

With the parking assist system 10 according to the present
embodiment, when the parking lot P 1s full, the autonomous
vehicle AM parked 1n the parking space Pe at No. 8 1n the
row A that 1s closest to the assisted general vehicle STM that
has arrived at the entrance P1 1s set as an auxiliary assist
vehicle SHM, and this auxiliary assist vehicle SHM 1s
caused to drive itself to the available position 1n which the
entry of the assisted general vehicle STM 1nto the parking
space Pe at No. 8 in the row A 1s not obstructed (Steps S222
to S224). Thus, with the parking assist system 10 according
to the present embodiment, the assisted general vehicle STM
that has arrived at the entrance P1 can be promptly assisted
to enter the nearest parking space Pe at No. 8 1in the row A.

The parking assist system 10 according to the present
embodiment sets, as an auxiliary assist vehicle SHM, one of
the autonomous vehicles AM parked 1n the parking spaces
Pe within the predetermined range of distances such as 50 m
and 100 m centered on the assisted general vehicle STM that
has entered the parking lot P through the entrance P1, and
transmits, to the auxiliary assist vehicle SHM, the travel
signal about the route to the available position. Thus, with
the parking assist system 10 according to the present
embodiment, the assisted general vehicle STM that has
arrived at the entrance P1 can be promptly assisted to enter
the parking space Pe located within a predetermined dis-
tance range. More appropriate entry assistance for the
assisted general vehicle STM 1s possible by setting the
predetermined distance range according to the size of the
parking lot.

The parking assist system 10 according to the present
embodiment uses, as the mobile body 100, an unmanned
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aerial vehicle (drone) that tlies above the parking lot P,
captures, by the mobile body 100, images of various kinds

of vehicle behavior such as getting-in of the general vehicle
driver MMh 1nto the driver seat of the general vehicle MM
(Step S200), and senses the assisted general vehicle STM
(Step S202) and senses the entry or the exat (Step S206) on
the basis of the captured images. Thus, with the parking
assist system 10 according to the present embodiment, the
mobile body 100 can follow the general vehicle driver
MMh, the general vehicle MM, and the like and capture
images thereof, enabling improvement in sensing accuracy
and allowing for a reduction in the number of devices
required to capture images of behavior, such as sensors and
cameras that are securely installed.

The parking assist system 10 according to the present
embodiment causes the autonomous vehicle AM obstructing
the exit of the assisted general vehicle STM, which 1s a
general vehicle MM, to drive itself, as an auxiliary assist
vehicle SHM, to the available position in which the exit 1s
not obstructed (Steps S254 to S256), and causes the autono-
mous vehicle AM serving as the auxiliary assist vehicle
SHM that has moved to the available position to drive itself
and enter the parking space Pe which the assisted general
vehicle STM has exited (Steps S260 to S262). Thus, with the
parking assist system 10 according to the present embodi-
ment, the parking space Pe can be efliciently used.

Other Embodiments

(1) In the above embodiment, the captured image for
sensing a vehicle, entry, exit, and the like 1s obtained from
the mobile body 100 which 1s an unmanned aerial vehicle
(drone) that flies above the parking lot P, but the camera 148
may be mounted on a small unmanned self-driving car
capable of autonomous movement, and the captured image
may be obtained from this small unmanned seli-driving car.
Furthermore, images captured by a plurality of surveillance
cameras 1nstalled 1n various portions of the parking lot P,
instead of the mobile body 100, may be used.

(2) In the above embodiment, the image captured by the
camera 148 mounted on the mobile body 100 1s used to
sense an assisted general vehicle STM and sense the entry/
exit. However, data including information indicating that the
target vehicle 1s a general vehicle may be transmitted from
a general vehicle MM so that an assisted general vehicle
STM can be sensed, and data including entry/exit informa-
tion similar to the entry/exit request from an autonomous
vehicle AM may be transmitted from a general vehicle MM
so that the entry/exit can be sensed.

(3) The above embodiment shows an example in which a
single mobile body 100 1s used, but two or more mobile
bodies 100 may be used to sense the assisted general vehicle
STM and sense the entry/exit. In such a case of using the
plurality of mobile bodies 100, the parking lot P may be
divided into sections that are used as regions for flying
operation and capturing images for the mobile bodies 100.
This allows more reliable sensing of the assisted general
vehicle STM and the entry/exit in a shorter time than in the
case ol specilying a parking space Pe by a single mobile
body 100.

(4) In the above-described embodiments, a part of the
configuration implemented using hardware may be changed
to be implemented using software, or conversely a part of
the configuration implemented using software may be
changed to be implemented using hardware. When some or
all of the functions 1n the present disclosure are implemented
using software, this software (computer program) may be
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provided as a computer-readable recording medium having
the software (computer program) stored therein. The “com-
puter-readable recording medium” 1s not limited to a por-
table recording medium such as a flexible disk or a CD-
ROM, but includes an internal storage device installed 1n a
computer, such as various types of RAM or ROM, and an
external storage device fixed to a computer, such a hard disk
drive. In other words, the “computer-readable recording
medium™ 1s used 1n a broad sense to include an arbitrary
non-transitory recording medium that can store data packets.

The present disclosure 1s not limited to the above-de-
scribed embodiments and can be implemented with various
configurations within the spirit and scope of the present
disclosure. For example, technical features in the embodi-
ments that correspond to technical features of the aspect
described in the Summary section can be replaced or com-
bined, as appropriate, 1n order to solve part or all of the
carlier-described problems or in order to achieve part or all
of the earlier-described advantageous eflects. Technical fea-
tures can be deleted, as appropriate, unless the technical
features are explained 1n this Description as essential.

The present disclosure, which responds to the demand for
a new parking assist method to be used under a situation 1n
which an autonomous vehicle and a general vehicle are
parked side by side, can be implemented in the following
form.

According to one aspect of the present disclosure, a
parking assist system (10) 1s provided. This parking assist
system 1s used 1n a parking lot (P) including parking spaces
(Pe) for a plurality of vehicles and includes: a vehicle sensor
(200) which determines whether an assisted vehicle attempt-
ing to enter or exit one of the parking spaces 1s a general
vehicle (MM) that travels through vehicle operation by a
driver or an autonomous vehicle (AM) capable of seli-
driving according to an external travel signal; and a travel
signal transmitter (204) which, when the assisted vehicle 1s
determined as the general vehicle, transmits, to a specific
autonomous vehicle among parked autonomous vehicles, a
travel signal for traveling to an available position for
cnabling the entry or the exit of the assisted vehicle.

With the parking assist system according to this aspect,
when the assisted vehicle 1s a general vehicle, an autono-
mous vehicle that 1s obstructing the general vehicle from
using a parking space 1s caused to move, and thus the general
vehicle as an assisted vehicle can be assisted to enter and
exit the parking space.

The present disclosure can be implemented in various
forms other than the parking assist system. For example, the
present disclosure can be implemented in forms such as a
parking assist method, a computer program for performing
said method, and a storage medium having said computer
program recorded thereon.

What 1s claimed 1s:

1. A parking assist system for use i a parking lot
including parking spaces for a plurality of vehicles, the
parking assist system comprising:

a vehicle sensor that determines whether an assisted
vehicle 1s attempting to enter or exit one of the parking
spaces, and determines whether the assisted vehicle 1s
cither a general vehicle that travels according to vehicle
operation by a driver or an autonomous vehicle that
performs self-driving according to an external travel
signal; and

a travel signal transmitter that transits, when the assisted
vehicle 1s determined to be attempting to enter or exat
the one of the parking spaces and determined to be a
general vehicle, to a specific autonomous vehicle
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among parked autonomous vehicles that 1s parked at a
use obstructing position 1n which the assisted vehicle 1s
obstructed from attempting to enter or exit the one of
the parking spaces, a travel signal to travel from the use
obstructing position to an available position 1n which
that assisted vehicle 1s not obstructed from attempting
to enter or exit the one of the parking spaces.

2. The parking assist system according to claim 1, wherein
the vehicle sensor determines whether use of the one

spaces by the general vehicle determined as the assisted
vehicle comprises entry into the one of the parking
spaces or exit from the one of the parking spaces, and

when the vehicle sensor determines that the use of the one

ol the parking spaces by the general vehicle determined
as the assisted vehicle comprises entry into the one of
the parking spaces or exit from the one of the parking
spaces, the travel signal transmitter transmits to an
autonomous vehicle parked at a use obstructing posi-
tion, 1n which the assisted vehicle 1s obstructed from
entry into the one of the parking spaces or exit from the
one of the parking spaces, a travel signal for traveling
from the use obstructing position to the available
position i which the entry or the exit of the assisted
vehicle 1s not obstructed.

3. The parking assist system according to claim 2, wherein
when the use of the one of the parking spaces by the

general vehicle determined as the assisted vehicle 1s the
entry, the travel signal transmitter transmits the travel
signal to one of the parked autonomous vehicles in the
parking spaces located within a predetermined distance
range from the general vehicle.

4. The parking assist system according to claim 1, wherein
the vehicle sensor includes a mobile body which observes
an entering vehicle entering the parking lot and
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vehicles parked 1n the parking spaces, and determines,
on the basis of an observation result obtained by the
mobile body, whether the assisted vehicle 1s the general
vehicle or the autonomous vehicle.

5. The parking assist system according to claim 4, wherein

the mobile body captures 1images of the entering vehicle
and the vehicles parked, and

the vehicle sensor determines, on the basis of the images
captured by the mobile body, whether the assisted
vehicle 1s the general vehicle or the autonomous
vehicle.

6. A parking assist method for use 1n a parking lot
including parking spaces for a plurality of vehicles, the
parking assist method comprising:

determinming whether an assisted vehicle 1s attempting to
enter or exit one of the parking spaces, and determines
whether the assisted vehicle 1s either a general vehicle
that travels according to vehicle operation by a driver
or an autonomous vehicle that performs self-driving
according to an external travel signal; and

transmitting a travel signal to a specific autonomous
vehicle that 1s parked at a use obstructing position in
which the assisted vehicle 1s obstructed from attempt-
ing to enter or exit the one of the parking spaces 1n
response to the assisted vehicle 1s determined to be
attempting to enter or exit the one of the parking spaces
and determined to be a general vehicle, the travel signal
being used for traveling from the use obstructing posi-
tion to an available position i which the assisted
vehicle 1s not obstructed from attempting to enter or

exit the one of the parking spaces.
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